In symptomatic patients with COPD, the decision whether to initiate maintenance treatment with a single agent or a combination of long-acting bronchodilators remains unclear. Objective: To investigate whether baseline symptomatic status influences response to tiotropium/olodaterol treatment. 
Introduction
A multidimensional approach to evaluating and characterizing patients with COPD has been recommended by numerous groups. [1] [2] [3] Spirometric results, symptom severity, exacerbation risk, and comorbidity assessment are key to appropriate diagnosis and optimizing therapeutic management. 1 The Global Initiative for Chronic Obstructive Lung Disease (GOLD) therapeutic strategy suggests the modified Medical Research Council (mMRC) dyspnea scale or the COPD Assessment Test to differentiate between low-risk (GOLD A and B) patients requiring as-needed treatment and those patients requiring regular maintenance treatment with a long-acting muscarinic antagonist (LAMA) or long-acting β 2 -agonist (LABA). 1 However, when to initiate maintenance therapy with a single agent or a combination of long-acting bronchodilators remains unclear.
Tiotropium is an established once-daily LAMA that improves lung function and reduces exacerbations in patients with COPD, as well as improving patient-reported outcomes, including dyspnea and health status. [4] [5] [6] [7] [8] [9] [10] Olodaterol is a LABA with a rapid onset of action that provides 24-hour bronchodilation and symptomatic benefits in patients with COPD. [11] [12] [13] [14] Tiotropium/olodaterol combination therapy has demonstrated consistent benefits vs tiotropium monotherapy in patients with moderate-to-very-severe COPD in Phase III studies, with no additional safety concerns. [15] [16] [17] OTEMTO ® 1 and 2 were replicate, randomized controlled trials which demonstrated that as well as improving lung function compared with placebo and tiotropium 5 µg, tiotropium/ olodaterol improved health status. 17 We hypothesized that patients with greater baseline dyspnea burden would experience greater improvements in clinically relevant measures with tiotropium/olodaterol vs placebo or the individual monocomponents. Using data from the OTEMTO ® studies, we investigated whether symptomatic status at baseline by mMRC score (0-1 vs $2) influences the effect of tiotropium/ olodaterol treatment on health-related health status, dyspnea, and lung function responses. An additional objective was to understand the relationship between baseline symptom severity and baseline lung function in predicting St George's Respiratory Questionnaire (SGRQ) response. Some of the results of these studies have been previously reported in the form of an abstract.
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Materials and methods study design and treatment
The OTEMTO ® studies (NCT01964352; NCT02006732) were replicate, multinational, randomized, double-blind, parallel-group, placebo-controlled trials (see Figure S1 ). 17 Patients received one of four treatments for 12 weeks: tiotropium/olodaterol 2.5/5 µg, tiotropium/olodaterol 5/5 µg, tiotropium 5 µg, or placebo, all given once daily using a Respimat ® inhaler.
study patients
Study patients were eligible for inclusion if they were aged $40 years and had moderate-to-severe COPD (GOLD II-III, post-bronchodilator forced expiratory volume in 1 second [FEV 1 ] $30% and ,80% of predicted normal), FEV 1 /forced vital capacity ,70% predicted, and a smoking history of .10 pack-years. Key exclusion criteria included a history of asthma, a COPD exacerbation, or symptoms of lower respiratory tract infection within the previous 3 months.
Patients were allowed to continue inhaled corticosteroid therapy if they were on a stable dose for 6 weeks prior to screening. Open-label salbutamol was provided as rescue medication. mMRC dyspnea scale, baseline dyspnea index (BDI), and SGRQ were measured in all patients entering the study at baseline. There were no inclusion/exclusion criteria at study entry related to mMRC, BDI, or SGRQ scores at baseline.
assessments
Baseline symptomatic status was classified according to mMRC score 0-1 and $2, following the suggestion of the GOLD therapeutic strategy. 1 For the current work, analyses examining the impact of baseline dyspnea status on response to tiotropium/olodaterol 5/5 µg vs tiotropium 5 µg or placebo included: SGRQ total score (change at Week 12) and response rate (defined as the proportion of patients experiencing an SGRQ total score change $4.0 points lower than the baseline total score); symptoms (transition dyspnea index [TDI] focal score [at Week 12] and response rate [defined as the proportion of patients experiencing a TDI focal score $1 point greater than BDI]); and trough FEV 1 response (change at Week 12) . While all study drug doses were included in the analysis models, we report results for the globally approved tiotropium/olodaterol 5/5 µg dose vs tiotropium 5 µg and placebo only.
statistical analysis
SGRQ and TDI responders were compared using logistic regression. The adjusted mean treatment effect (tiotropium/ olodaterol 5/5 µg minus tiotropium 5 µg or placebo) for the SGRQ total score, TDI focal score, and trough FEV 1 response was obtained by fitting a mixed-effect model for 
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COPD symptom burden effect on treatment response repeated measurements. Additional analyses were conducted to evaluate the robustness of the main analysis using different baseline symptom burden cutoffs (mMRC scores 0-2 and $3). As some correlation has been shown between baseline mMRC and BDI scores, [19] [20] [21] sensitivity analyses using BDI score (cutoff scores of 0-4 and $5, and 0-5 and $6) were performed to examine whether treatment effect patterns observed for mMRC cutoffs could be confirmed using a different baseline symptom measure.
The effects of baseline mMRC score and baseline lung function (via GOLD stage) on SGRQ response rate after 12 weeks were assessed using multiple logistic regression analysis. This analysis included treatment, baseline GOLD stage (II or III), and baseline mMRC score (0-1 and $2) in the model. The analysis was conducted for the full study analysis population and for the tiotropium/olodaterol 5/5 µg treatment group.
ethics
The trial was carried out in accordance with the principles of the Declaration of Helsinki and the International Conference on Harmonisation-Good Clinical Practice. Each patient signed an informed consent form according to the local regulatory and legal requirements.
Results
Patients
Overall, 1,621 patients were treated in the two OTEMTO ® studies, and 1,619 had data available for mMRC and BDI. Table 1 enumerates baseline characteristics: mMRC dyspnea scale scores were 0-1 in 736 patients (45%), 0-2 in 1,275 patients (79%), $2 in 883 patients (55%), and $3 in 344 patients (21%); BDI scores were 0-4 in 265 patients (16%), 0-5 in 418 patients (26%), $5 in 1,354 patients (84%), and $6 in 1,201 patients (74%). Generally, patients with mMRC scores $2 had slightly lower pre-bronchodilator FEV 1 values compared with patients with mMRC 0-1 ( Table 1) . As expected, SGRQ total scores were higher in the patients with mMRC scores $2. The percentages of patients in GOLD categories II, III, and IV differed between the patient subgroups defined by baseline mMRC scores $2 (59.1%, 40.1%, and 0.8%, respectively) or 0-1 (70.4%, 29.3%, and 0.1%, respectively).
health status
Tiotropium/olodaterol 5/5 µg significantly improved SGRQ scores compared with placebo for patients with mMRC scores 0-1 and $2 ( Figures 1 and 2) , with adjusted mean treatment differences of -4.20 (95% CI: -6.11, -2.29) and -5.11 (95% CI: -7.10, -3.11), respectively (P,0.0001 for the treatment comparison in each mMRC subgroup). When tiotropium/olodaterol was compared with tiotropium, there was a greater improvement in SGRQ score for patients with an mMRC score $2 (adjusted mean treatment difference -3.44 [95% CI: -5.43, -1.46]; P=0.0007) than for patients with an mMRC score 0-1 (adjusted mean treatment difference -0.71 [95% CI: -2.57, 1.16]; P=0.4584) (Figure 2 ). Although similar trends in treatment differences were observed for change in SGRQ total score using a higher mMRC cutoff (0-2 and $3), the data for the mMRC $3 subgroup exhibited wider CIs due to the smaller patient numbers in this subgroup compared with the mMRC 0-1, $2, and 0-2 subgroups (Figure 2 ). When BDI was used as an alternative symptom measure, the change in SGRQ total score was greater with tiotropium/olodaterol vs tiotropium or placebo in all subgroups ( Figure 2 ). Sample sizes for the lower BDI score subgroups (0-5 and 0-4) were small, and the treatment difference data were associated with wide CIs.
The SGRQ response rates were greater for tiotropium/ olodaterol vs tiotropium or placebo for patients with mMRC scores 0-1 and $2 ( Figure 3 ). Again, for tiotropium/olodaterol vs tiotropium, the treatment differences in SGRQ response were more apparent in patients with more severe baseline dyspnea (mMRC $2 OR 2.09 [95% CI: 1.41, 3.10]; P=0.0002) than those with less severe baseline dyspnea (mMRC 0-1 OR 1.13 [95% CI: 0.75, 1.71]; P=0.5654). Similar trends were observed for the ORs for SGRQ response rate for tiotropium/olodaterol vs tiotropium for the higher mMRC cutoff (0-2 and $3) and for the subgroups defined by BDI ( Figure 3 ). Again, CIs were wide for those subgroups with smaller patient numbers. 
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COPD symptom burden effect on treatment response tiotropium or placebo for patients with mMRC score 0-1 or $2, as well as with a higher mMRC cutoff and all BDI subgroups ( Figure 4 ).
lung function
There were improvements in lung function (trough FEV 1 ) with tiotropium/olodaterol vs tiotropium or placebo in patients with mMRC scores 0-1 and $2 ( Figure 5 ). Lung function also improved with tiotropium/olodaterol vs tiotropium or placebo in groups stratified by the higher mMRC cutoff, except for the tiotropium/olodaterol vs tiotropium comparison for patients with mMRC $3 ( Figure 5 ). Lung function improvements with tiotropium/olodaterol compared with placebo were larger in less symptomatic patients assessed by BDI (data not shown), but not as measured by baseline mMRC. For tiotropium/olodaterol compared with tiotropium, this pattern was observed both for mMRC and BDI subgroups.
relationship between baseline lung function and symptoms as a predictor of sgrQ response
Multiple logistic regression analysis of data for the full analysis population was performed to explore the combined effect of baseline lung function and baseline symptom severity on SGRQ response after 12 weeks of treatment, using a logistic regression model that included the covariates of GOLD stage (III vs II) and mMRC ($2 vs 0-1), as well as treatment to adjust for known treatment differences and differences in baseline lung function. Baseline lung function (via GOLD stage) and baseline symptom severity had no effect on SGRQ response rate in the full analysis population (see Figure S2A ). Figure S2B ).
Discussion
The approach to COPD therapy has been suggested to be optimized by a multidimensional approach to characterize disease severity and impact. The GOLD therapeutic strategy suggests differential pharmacotherapeutic approaches as a function of symptom burden. 1 This and other therapeutic strategies 3 recommend regular maintenance treatment with a LAMA or LABA (Group B). 1 Numerous studies have shown that the combination of LAMA and LABA provides a greater improvement in lung function, as well as a greater decrease in symptoms vs placebo and the individual bronchodilators. 22, 23 Whether single or dual bronchodilation should be used as first-line therapy for symptomatic patients remains unclear. 
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Our analyses confirmed that patients with COPD with more severe dyspnea at baseline, measured using the mMRC scale, had a greater response to tiotropium/olodaterol relative to tiotropium alone in both SGRQ total score and SGRQ responder rate. Importantly, this difference between tiotropium/olodaterol and tiotropium in SGRQ responder rate was apparent for two mMRC cutoffs (0-1 versus $2, and 0-2 versus $3) and was qualitatively similar in patients stratified by BDI. Interestingly, tiotropium/olodaterol improved dyspnea compared with tiotropium alone or placebo using both TDI score and TDI responder rate, regardless of baseline symptom status. Overall, these results suggest that patients with higher degrees of baseline symptoms, measured using mMRC, gain added clinical benefit with tiotropium/olodaterol compared with tiotropium alone for improvements in health-related health status, assessed by SGRQ; this additional benefit was less robust in patients with lesser degrees of baseline symptoms. However, in the case of symptoms measured by TDI, tiotropium/olodaterol consistently provided better improvement than tiotropium alone regardless of the degree of baseline symptoms. 
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The relative lung function (trough FEV 1 ) response with tiotropium/olodaterol vs tiotropium was greater in patients with less severe symptoms at baseline. However, patients with less severe symptoms had less severe airflow obstruction at baseline. The differential lung function response may therefore reflect the different proportions of patients with GOLD II vs III/IV impairment at baseline, and is consistent with previous findings from the trial program of improved lung function response in patients with less severe lung function impairment at baseline. [24] [25] [26] The greater FEV 1 response in patients with less severe dyspnea also reflects the larger improvement in FEV 1 that is expected in patients with less severe airflow obstruction, rather than a unique inverse relationship between change in FEV 1 and baseline dyspnea.
A multiple logistic regression analysis, including baseline lung function and symptom severity together as predictors of SGRQ response, provided additional insights. Overall, averaged across all treatment groups, baseline lung function and symptom severity did not appear to predict SGRQ response. On the other hand, for those treated with tiotropium/ olodaterol, more severe symptoms at baseline related to a greater likelihood of identifying SGRQ responders. Baseline lung function did not appear to predict SGRQ response. This analysis provides reassurance that the differences in SGRQ response observed between the groups with less and more severe symptoms at baseline are not a result of the observed differential baseline lung function between these groups. Despite numerous groups suggesting the benefit of 
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COPD symptom burden effect on treatment response combining LAMA and LABA compared with the individual monocomponents, the observed absolute improvements in dyspnea and health status have often not consistently exceeded the minimum clinically important difference for the instruments used to measure these outcomes. 22, 23, 27 Our data suggest that baseline symptom burden may have a strong influence on these results. Previous studies have varied in the inclusion of study patients with a broad range of baseline symptoms. [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] These data provide clinically relevant information for future therapeutic strategy recommendations and, more importantly, for clinicians aiding patients with COPD. For example, the GOLD document suggests baseline symptoms as a guide for the use of long-acting bronchodilators; a LAMA or LABA is suggested as a first option for patients with higher mMRC or COPD Assessment Test scores. 1 The combination of a LAMA and LABA is suggested as a potential option for those with severe breathlessness. Our data provide support for this statement and offer additional insights. Tiotropium/olodaterol provides overall lung function and health status benefits regardless of greater baseline dyspnea burden (measured by mMRC or BDI) when compared with tiotropium alone. Future studies of treatment-naïve patients, or those receiving only monotherapy, are needed to test escalation to LABA/LAMA, and this may be best tested in a real-world setting.
There are limitations to our work. This was a post hoc analysis with its attendant difficulties in interpretation. Our results should be considered hypothesis-generating and should be confirmed with well-designed prospective studies. The OTEMTO ® studies used the GOLD I-IV categorization of COPD severity, as the A-D classification 1 had not been published when the studies were designed and initiated. Importantly, these studies included GOLD II-III patients only, so whether these results apply to patients with COPD with more severe airflow obstruction is unclear. These were short-term studies that were not designed to examine exacerbations. As such, we are unable to examine the impact of baseline symptom burden on other clinically relevant end points.
Conclusions
Based on our post hoc analyses, improvements in health status (measured using SGRQ), symptoms (measured using TDI), and lung function were observed in both symptomatic and non-symptomatic patients following treatment with tiotropium/olodaterol. More severe dyspnea, assessed by mMRC, was associated with a larger SGRQ improvement for LAMA/LABA combination compared with a LAMA alone or placebo, but did not affect lung function improvement. These results suggest that patients with COPD with greater baseline dyspnea appear to derive greater health status benefit with a dual bronchodilator combination compared with a LAMA alone.
Data sharing statement
To ensure independent interpretation of clinical study results, Boehringer Ingelheim grants all external authors access to all 
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COPD symptom burden effect on treatment response relevant material, including participant-level clinical study data, and relevant material as needed by them to fulfill their role and obligations as authors under the ICMJE criteria.
Furthermore, clinical study documents (eg, study report, study protocol, statistical analysis plan) and participant clinical study data are available to be shared after publication of the primary manuscript in a peer-reviewed journal and if regulatory activities are complete and other criteria met per the BI Policy on Transparency and Publication of Clinical Study Data: https://trials.boehringer-ingelheim.com/ transparency_policy.html.
Prior to providing access, documents will be examined, and, if necessary, redacted and the data will be de-identified, to protect the personal data of study participants and personnel, and to respect the boundaries of the informed consent of the study participants.
Clinical Study Reports and Related Clinical Documents can be requested via this link: https://trials.boehringeringelheim.com/trial_results/clinical_submission_documents. html. All such requests will be governed by a Document Sharing Agreement.
Bona fide, qualified scientific and medical researchers may request access to de-identified, analyzable participant clinical study data with corresponding documentation describing the structure and content of the datasets. Upon approval, and governed by a Data Sharing Agreement, data are shared in a secured data-access system for a limited period of 1 year, which may be extended upon request.
Researchers should use https://clinicalstudydatarequest. com to request access to study data.
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